Five lines were crossed with four testers in line × tester fashion to determine the nature of gene action, combining ability and heterosis for yield and yield contributing traits in greengram. Analysis of variance for combining ability suggested the preponderance of non-additive type of gene action for majority of the traits except for tolerance to MYMV. Based on the per se performance and gca effects, the parents viz., TM-96-2, LGG-460, MGG-351, WGG-37 and PM-112 were found to be the best general combiners. The per se, sca effects and standard heterosis indicated that the crosses LGG-460 × WGG-37, TM-96-2 × WGG-37 and MGG-351 × WGG-37 may be exploited through recombination breeding programme, while the crosses MGG-351 × PM-115, TM-96-2 × PM-112 and LGG-460 × PM-112 are the promising crosses for hybrid breeding programme. Biparental mating or diallel selective mating, followed by pedigree method of selection would be effective alternate approaches for the improvement of productivity in greengram.
Greengram [Vigna radiata L. Wilczek. 2n=22], is an economically important food legume grown worldwide in tropical and sub-tropical regions and it is one of the leading pulse crops in India. The importance of this legume is related to desirable characteristics such as high protein content (25-28%) and less flatulent than other pulses, broad adaptation, low need for agricultural inputs and its ability to increase soil fertility. Sprouts and green pods of mungbean are also rich in vitamins and minerals, thus are good and inexpensive source of dietary protein for poor people. Owing to its high demand, crop improvement involves strategies for enhancing yield potential and quality components. Though per se performance of genotypes provides clues, reliable information on the magnitude of heterosis for yield and yield attributing characters, per se performance along with combining ability are of more helpful in selecting appropriate parents and desirable cross combinations for the exploitation of hybrid vigour. Therefore, the present investigation was carried out with five lines and four testers to elucidate information on combining ability and nature of gene action for traits of economic importance and also to assess the magnitude of heterosis for different yield characters by adopting Line × Tester analysis (Kempthorne 1957) .
Five lines viz.,  LGG-460 and TM-96-2 were crossed with four testers WGG-37, PM-112, PM-115 and PM-110 in Line × Tester fashion and a total of 20 hybrids were generated. All the genotypes (nine parents and 20 F 1 's) were evaluated in Randomized Block Design with two replications at the Sri Venkateswara Agricultural College Farm, Tirupati, Andhra Pradesh, India during kharif, 2013. Each genotype was grown in two rows of three meters length with a spacing of 30cm between rows and 15cm between plants. Recommended agronomic and plant protection package of practices were followed to raise healthy crop. Data were recorded on five randomly selected competitive plants in each genotype and replication. Mean values on per plant basis were recorded for the characters viz., plant height, number of branches/plant, clusters/plant, pods/cluster, pods/plant, seeds/pod, 100 seed weight, dry weight/plant, harvest index, tolerance to MYMV and seed yield/plant. However, data on days to 50% flowering and days to maturity were recorded on plot basis and the seed protein was estimated by Kjeldal method. Line × Tester analysis was carried out as given by Kempthorne (1957) . The heterosis was estimated in terms of three parameters, i.e. relative heterosis, heterobeltiosis and standard heterosis. Mean values per replication for all traits were subjected to analysis of variance according to Panse and Sukhatme (1985) .
Analysis of variance for combining ability (Table 1) revealed that parents had significant amount of variability for all the characters except for number of DOI: 10.5958/0975-928X.2016.00105.8 seeds/pod and seed yield/plant, while crosses had significant variability for all the characters except for number of seeds/pod. Comparison of mean squares due to parents vs crosses indicated the presence of substantial amount of heterosis in crosses for majority of the characters except for 100 seed weight and seed protein. The variance due to lines were significant for all the characters except for number of seeds/pod, while testers had significant variability for 11 characters except for number of pods/cluster, seeds/pod and 100 seed weight, suggesting the significant contribution of lines and testers towards general combining ability variance components for most of the traits. The variance due to interaction effect (lines × testers) showed significant difference for 12 characters except for plant height and number of seeds/pod revealed the significant contribution of crosses for specific combining ability variance components.
The magnitude of sca variance was higher than the gca variance for all the characters except MYMV tolerance, which indicated preponderance of non-additive gene action in the inheritance of these traits. The ratio of variance due to general and specific combining ability ranged from 0.01 to 0.66 further conforming the major role of non-additive gene action for all the traits under study except for tolerance to MYMV (2.52).
The success of any plant breeding programme largely depends on the appropriate choice of parents. The knowledge of general combining ability coupled with high per se performance would helps in the selection of potential parents with good reservoir of superior genes (Singh and Harisingh, 1985) . In the present investigation, based on per se performance and gca effects, MGG-351 was found to be the best parent for plant height, number of branches/plant, clusters/plant, pods/plant and dry weight/plant (Table 2) followed by WGG-42 for days to 50 per cent flowering, days to maturity, 100 seed weight and tolerance to MYMV; LGG-460 for number of branches/plant and tolerance to MYMV. TM-96-2 had desirable performance for tolerance to MYMV while PM-115 for seed protein. The above mentioned parents for gca effects have good potential for respective characters and may be used in a multiple crossing programme to synthesize a dynamic population with most of the favourable genes accumulated (Griffing, 1956 ).
The sca effects are the index to determine the usefulness of a particular cross combination for exploitation of hybrid vigour. The results of specific combining ability effects (Table 3) of different cross revealed that none of the crosses showed consistently significant and desirable specific combining ability effects for all the characters. However, the cross combinations viz., MGG-351 × PM-115, WGG-42 × PM-110, TM-96-2 × WGG-37, TM-96-2 × PM-112 and MGG-295 × PM-110 were adjudged as the best crosses for majority of the yield components. The sca effects signify the role of non-additive gene effects mainly dominance gene effects (Nadarajan and Gunasekaran, 2005) . Cross combinations which exhibited high sca which derived from parents having high gca effects can also be used for recombination breeding. However, the selection of superior genotypes for cultivar development must be delayed to later generations to allow fixation of maximum homozygosity (Nadarajan and Gunasekaran, 2005) . These include TM-96-2 × WGG-37 for seed yield/plant; LGG-460 × WGG-37 for number of pods/plant; MGG-351 × WGG-37 for number of branches/plant and dry weight/plant; LGG-460 × PM-112 and TM-96-2 × PM-112 for number of branches/plant and pods/plant.
Recombination breeding makes use of a fixable additive gene action. The criteria for the selection of crosses for recombination breeding to obtain outstanding recombinants in segregating generations are based on the following; the parents should have significant gca effect and corresponding crosses with non significant sca effects for the character whose improvement is sought. The segregation of such crosses are likely to throw desirable recombinants possessing favourable additive genes from both the parents (Khorgade et al., 1989) .
Based on the aforesaid consideration, the lines and testers with significant gca effects, possible cross combinations and the promising crosses for recombination breeding are presented in Table 4 . The cross LGG-460 × WGG-37 for number of branches/plant, clusters/plant, pods/clusters and seed yield/plant and TM-96-2 × WGG-37 for number of branches/plant, clusters/plant, pods/plant and dry weight/plant; MGG-351 × WGG-37 for plant height, number of clusters/plant and pods/plant, could be expected to produce superior recombinants. For harvest index, the cross combinations viz., WGG-42 × PM-112, WGG-42 × PM-110, LGG-460 × PM-112 and LGG-460 × PM-110 were identified for the recombination breeding, while for number of pods/plant the crosses MGG-351 × PM-112 was considered along with MGG-351 × WGG-37 and TM-96-2 × WGG-37; for tolerance to MYMV the crosses WGG-42 × PM-110 and LGG-460 × PM-110 were considered for the recombination breeding. The lines MGG-295, LGG-460 and TM-96-2 and testers WGG-37 and PM-112 showed positive and highly significant gca effects for seed yield/plant. Among the crosses MGG-295 × PM-112, LGG-460 × WGG-37, LGG-460 × PM-112 and TM-96-2 × PM-112 had non-significant sca effects for seed yield/plant. Hence, these crosses can be recommended for improvement of seed yield through recombination breeding with early selection of desirable segregants. Similar results were reported by Patil and Navale (2006) .
In general, the extent of heterosis has often been estimated over mid-parent or better parent with the objective of studying the nature of gene action involved in the parental combinations. However, the heterosis recorded over mid or better parent has little applied utility if parents involved have relatively poor per se performance. For commercial exploitation, the magnitude of heterosis should be at least 20-30 per cent higher in yield than best cultivated variety. Swaminathan et al. (1972) stressed the need for computing standard heterosis for commercial exploitation of hybrid vigour. The magnitude of standard heterosis was high for dry weight/plant, 100-seed weight, pods/plant and seed yield/plant and low for days to maturity and seed protein. LGG-460 × WGG-37, TM-96-2 × WGG-37, TM-96-2 × PM-112 and TM-96-2 × PM-115 registered significant and high standard heterosis for seed yield contributing traits viz., days to 50 per cent flowering, days to maturity, number of branches/plant, clusters/plant, pods/cluster, pods/plant, seeds/pod, dry weight/plant and harvest index. These crosses were considered promising for their use for yield improvement because of having high heterotic effects for seed yield/plant. Similar results were also observed by Sujatha et al. (2011) and Sathya and Jayamani (2011).
Hybrid vigour can be very well exploited through per se performance, sca effects and magnitude of heterosis. Selection based on any one of the criteria may be often misleading. The cross with high heterosis may also be observed with low mean performance and the cross with high mean value always may not record high sca effects. Therefore, all the three criteria have to be considered together for selection of superior crosses. Comparative study of promising crosses identified on the basis of heterosis, combining ability and per se performance (Table 5) revealed that the cross MGG-351 × PM-115 exhibited a superior performance for five characters viz., days to 50 per cent flowering, days to maturity, number of pods/plant, dry weight/plant and seed yield/plant and it was followed by crosses TM-96-2 × PM-112 and LGG-460 × PM-112 for number of branches/plant, clusters/plant, pods/plant and exhibited superior performance for dry weight/plant in addition to these traits in case of TM-96-2 × PM-112. The cross TM-96-2 × WGG-37 was identified for dry weight/plant and seed yield/plant and it was followed by MGG-295 × PM-115 for number of pods/plant and harvest index and MGG-351 × WGG-37 for number of branches/plant and dry weight/plant. The desired combination of per se performance, sca effects and standard heterosis were exhibited by the cross LGG-460 × WGG-37 for number of pods/plant, MGG-295 × PM-112 for dry weight/plant, MGG-295 × PM-110 for harvest index and seed protein. Similar results were also observed by Sunilkumar and Prakash (2011) for number of branches/plant, pods/plant, test weight and seed yield/plant and Srivastava and Singh (2013) for seed yield/plant. These crosses may be exploited commercially for the improvement of those specific traits. However, in greengram the exploitation of heterosis is still in its infancy due to biological constrains and uneconomical practice of hand emasculation for large scale production, so it could not feasible at present. Ideally in such situations, recurrent selection or diallel selective mating or the use of multiple crosses and biparental mating might be effective alternate approaches.
Thus, in the present investigation wide variation was revealed among the parents and the resultant crosses for almost all the traits studied indicating that direct selection in the segregants to isolate superior segregants is feasible. The present study also confirmed that high heterotic combinations were realized in the cross combinations involving the genetically diverse parents (good × poor) for seed yield and its components. Further, all the heterotic cross combinations had close correspondence with mean value, which suggested that the per se performance of crosses could be considered for judging heterosis for seed yield/plant. Most of the characters were controlled by non-additive components. However, in greengram owing to its autogamous genetic nature, commercial exploitation of heterosis is not readily useful. Therefore, breeder's interest rests in obtaining transgressive segregants from such crosses at later generations.
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